
BIOCHIMICA ET BIOPHYSICA ACTA 

BBA 66587 

STUDIES ON T H E  ACTIVATION OF LYSINE-2,3-AMINOMUTASE 
BY (--)-S-ADENOSYL-L-METHIONINE 

573 

VINCENZO Z A P P I A  AND F A B I O  AYALA 

Department of Biochemistry, 1st and 2rid Chair, Medical School, University of Naples, Via 
Costantinopoli x6, 8or38-Napoli (Italy) 

(Received December  9th, 1971) 

SUMMARY 

To investigate the physiological significance of the activation of lysine-2,3- 
aminomutase by S-adenosylmethionine in Clostridium SB 4, the content of the sulfo- 
nium compound has been measured in this microorganism with a new isotope dilution 
technique. 0.57/,mole of S-adenosylmethionine per g of wet bacterial cell have been 
detected, indicating saturating cellular concentrations of the sulfonium compound 
with respect to lysine mutase (the apparent Km of the enzyme with respect to S- 
adenosylmethionine is 2.8. IO -s M). 

To study the mechanism of such activation, several S-adenosylmethionine 
analogues have been tested: among them only S-adenosyl-(5')-3-methylthiopropyl- 
amine (decarboxylated S-adenosylmethionine) exerts an appreciable effect on the 
enzyme activity, while S-adenosyl-L-(2-hydroxy-4-methylthio)butyric acid, S-inosyl- 
L-methionine, S-inosyl-L-(2-hydroxy-4-methylthio)butyric acid, S-methyl-L-methio- 
nine and its deaminated derivative did not modify the reaction rate to any extent. 
The data suggest that  both amino groups of the molecule are involved in the activa- 
tion. In addition, experiments with (--)-S- and (±)-S-adenosylmethionine demon- 
strate that the steric configuration of the sulfonium pole is not related to the activa- 
tion mechanism. 

Equilibrium dialysis experiments between purified enzyme and S-adenosyl- 
[carboxy-14Clmethionine or S-adenosyl[Me-14Clmethionine failed to show any mea- 
surable binding between the sulfonium compound and the protein. 

Precipitation of the enzyme with trichloroacetic acid in the presence of S- 
adenosyl[Me-laC!methionine confirmed the apparent absence of a tight binding be- 
tween the labeled carbon of the sulfonium compound and the enzyme. 

INTRODUCTION 

Lysine-2,3-aminomutase, a bacterial enzyme responsible for the reversible con- 
version of lysine to/5-1ysine 1, has been recently purified by Chirpich et al. 2 from Clos- 
tridium SB a. The activity is pyridoxal-phosphate dependent and is specifically and 
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markedly stimulated by S-adenosyl-L-methionine: in absence of the sulfimium con> 
pound only 3o°~ o of the maximal activity can be reached. 4 moles of S-adenosyl- 
methionine per mole of enzyme are required for maximal activity e. 

In addition, the sulfonium compound and its analogue thioether (S-adenosyl-L- 
homoeysteine) protect the protein from sodium dodecylsulfate dissociation, as it has 
been demonstrated by Zappia el al. ~. 

The role of S-adenosylmethionine as methyl donor in transmethylations is 
widely recognized< 5, while its function as cofactor has been demonstrated only in few 
instances, namely in the biosynthesis of methionine <7 and in the pyruvate : formate- 
lyase reaction 8. 

As far as the mechanism of lysine mutase activation, an allosteric effect is not 
likely since there is no evidence of sigmoid kineticsZ On the other hand the existence 
of several enzymes methylating the lysine and arginine residues of proteins 9 n sug- 
gests an activation mechanism involving the methylation of the protein, which could 
in turn cause a favourable conformational change. An adenylylation mechanism, in 
analogy with glutamine synthetase from Escherichia coli 12 13, could also be postulated, 
even if the role of S-adenosylmethionine as adenylylating agent has not been so far 
demonstrated x4. 

To investigate the nature of such activation, equilibrium dialysis experiments 
between labeled S-adenosylmethionine and the purified enzyme have been performed. 
In addition several analogues and derivatives of S-adenosylmethionine have been 
tested as activating agents. 

Finally, to investigate if such activation is operative in vivo, the cellular content 
of S-adenosylmethionine in Clostridium SB 4 has been measured with a new procedure 
developed in this laboratory 15. 

MATERIALS AND METHODS 

Lysine-2,3-aminomutase was purified from Clostridium SB4 according to the 
method of Chirpich et al.Z The preparation was homogeneous on the basis of disc gel 
electrophoresis performed according to the method of Davis '°. The enzyme assay was 
perfornmd according to the method of Chirpich and Barker 'v. S-Adenosyl[Me-14Cl - 
methionine was prepared by biosynthesis with yeast from t-EMe-14C]methionine 
(Amersham)lS 19, S_adenosylEcarboxy_14Clmethionine was synthesized from L-[carboxv- 
a4C!methionine (Amersham) and isolated by ion-exchange chromatography 19. The 
compounds were chemically and radiochemically pure as judged by thin-layer 
chromatography and paper ionophoresis followed by radioactivity scanning 2°. (3_)-S- 
Inosyl-L-methionine was prepared by methylation of S-inosyl-L-homocysteine with 
methyl iodide 2°, S-adenosyl-L-(2-hydroxy-4-methylthio)butyric acid and S-inosyl-L- 
(2-hydroxy-4-methylthio)butyric acid were obtained by deamination of S-adenosyl- 
methionine with nitrous acid 2°. (~)-S-Adenosylmethionine was synthesized by chemi- 
cal methylation of S-adenosyl-t-homocysteine with methyl iodide ~a. S-Methyl-L- 
methionine sulfonium salt was obtained as iodide by the method of Toennies and 
Kolb~Z 

The purity of S-adenosylmethionine extracted from Clostridium SB 4 was checked 
by ultraviolet spectrophotometry, by thin-layer chromatography on silica gel plates 
and by high-voltage ionophoresis 2°. 
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Radioactivity was measured in a Packard Liquid Scintillation Counter Model 
3380 equipped with an absolute activity analyzer. A standard solution of o.4% 2, 5- 
diphenyloxazole, 0.04% 2,2'-p-phenylbis-(4-methyl-5-phenyloxazole ) in a mixture of 
equal volumes of toluene and ethanol was used. Quenching was corrected with exter- 
nal standardization. Radioactivity on paper strips or silica gel plates was detected by 
a radioactivity scanner Actigraph I I I ,  Model lOO2 (Nuclear Chicago). 

Absorbances were determined on a Zeiss spectrophotometer Model PMQ II. 
Proteins were estimated by the method of Lowry et al. ~ with bovine serum albumin as 
standard. 

RESULTS 

Estimation of S-adenosylmethionine in Clostridium S B  4 
5 g of Clostridium SB 4 cell paste (harvested in the logarithmic growth phase) 

were homogenized at 4 °C with 19 ml of 1. 5 M perchloric acid and 25 #1 of S-adenosyl- 

9 ~  

6Q£ 

13o~ 

"o 
_= I.¢ =o 
o.i 

1.( 

0.5 

NaCI 01M-)I '~Rt0"- ' -$ ( 

i 

: ' ,  1 
: :  

i 
HCI 0.1M )( ! ',HCI 6M ) :~¢~ 

i i x 

, i 

5'0 160 150 
FRACTION NUMBER 

Fig. I. Elution pattern of ion-exchange chromatography of S-adenosylmethionine extracted 
from Clostridium SB 4. 

IMe-14C]methionine (0.8 mM, 4.2" lO 7 cpm/ml). The mixture was allowed to stand for 
i h to extract the sulfonium compound. After centrifugation (9000 × g, 15 min) the 
supernatant was neutralized at 2 °C with a saturated solution of KHCOa; solid potas- 
sium perehlorate was removed by filtration and the supernatant was added to a 
Dowex 5 ° column (Na + form, resin bed I cm × 13 cm). The eluting agents were used 
in the following order: o.1 M NaC1, water, o.I M HC1 and 6 M HC1, with a flow rate of 
3o ml/h; water and o.i M HC1 were used to remove the excess of NaC1, 6 M HC1 to 
elute S-adenosylmethione: the elution pattern is reported in Fig. I, The fractions (4 
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ml each) were scanned for ultraviolet absorption at 26o nm (NaC1 and water) or at 
256 nm (o.I M and 6 M HC1), and for radioactivity. Fractions 13o-146, containing a 
peak of ultraviolet-absorbing material associated with radioactivity, were pooled, 
desiccated under reduced pressure and redissolved in 250 #1 of water. 

A qualitative analysis of the compound(s) present was performed with thin- 
layer chromatography and high-voltage ionophoresis. With both methods only one 
ultraviolet, ninhydrin- and chloroplatinate-positive compound was detected, in a 
single spot coincident with the peak of radioactivity and with a reference sample of S- 
adenosylmethionine (Fig. 2). The ultraviolet absorption spectrum of the compound is 
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Fig. 2. R a d i o a c t i v i t y  s cann i ng  of  t h in - l aye r  c h r o m a t o g r a m  of  S-adenosyl[Me-t4C}methionine 
di lu ted  wi th  S - a d e n o s y l m e t h i o n i n e  f rom Closlridium SB 4. 

reported in Fig. 3 : it is coincident with a spectrum of reference S-adenosylmethionine. 
The specific radioactivity of the ultraviolet-absorbing fractions compared with the 
specific radioactivity of "carrier" S-adenosylmethionine added to the perchloric acid 
extract permitted one to calculate the amount of the compound present in the bacte- 
rial celPS: an average of o.57/~mole/g wet tissue has been obtained from three separate 
determinations. 

Activation by S-adenosylmethionine analogues 
Various sulfonium derivatives of S-adenosylmethionine were tested for their abi- 

lity to activate lysine mutase. The results are reported in Table I. Synthetic (-L)-S- 
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Fig. 3. Ultraviolet  absorpt ion spec t rum of S-adenosyhnethionine  from Clostridiurn SB 4. 

T A B L E  I 

ACTIVATION OF LYSINE MUTASE BY S-ADENOSYLMETHIONINE ANALOGUES AND DERIVATIVES 

The enzyme (1,65 uni ts /mg) was act ivated and assayed according to the method of Chirpich and 
Barker]L The concentrat ion of  sulfonium compounds  added to the assay solution was 4 /~M. 
Activity is expressed as the num ber  of  uni ts  in the assay. 

Additions Activity Relative 
(units  × Io 4) activity 

None 23 
( - -)-S-Adenosyl-L-methionine 60 
( ~- )-S-Adenosyl-L-methionine 6 I 
( ±) -S- Inosy l -L-meth ion ine  24 
( - - ) -S-Inosyl-L-(2-hydroxy-4-  
methyl th io)butyr ic  acid 23 
( -- ) -S-Adenosyl- (5 ')-3-methy 1- 
th iopropylamine  58 
( --)-S-Adenosyl-L-(2-hydroxy-4- 
methyl th io)butyr ic  acid 24 
S-Methyl-L-methionine 24 
4-Dimethylsulfonium-L-(2- 
hydroxy)bu ty r i c  acid 23 
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adenosylmethionine  exer ted  the same effect as the na tura l  (--)- isomer.  In addi t ion 

only S-adenosyl - (5 ' ) -3-methyl th iopropylamine  showed significant act ivi ty .  

The replacement  of the 6-amino group of  adenine moie ty  and/or  replacement  of 

2-amino group of the meth ionine  moie ty  by an hydroxyl  group resulted in complete  

loss of  act ivi ty .  Also the subst i tu t ion of adenosine moie ty  by a methyl  group (S- 

methyl-L-methionine  and its deamina ted  derivat ive)  resulted in quan t i t a t i ve  loss of 

act ivi ty .  

B i n d i n ~  e x p e r i m e n t s  

To ident i fy  the sulfonium molecule groups par t ic ipa t ing  in the binding to the 

protein,  exper iments  of  equi l ibr ium dialysis between S - a d e n o s y l [ M e - 1 4 C ] m e t h i o n i n e  

and the enzyme have been devised. The results repor ted  in Table  I1 demons t ra te  tha t  

af ter  2 h dialysis the equi l ibr ium has been reached. The exper iments  have  been per- 

formed ei ther  with the sulfonium compound  present  in the two half  cells at zero t ime, 

TABLE 1I 

F, QUILIBRIUM DIALYSIS BETWEEN ,b'-ADENOSYL[.,~,]e-14C]METHIONINE OR S - A D E N O S Y L [ c a r b o x y - 1 4 C ]  -- 

METHIONINE AND "ACTIVATED" LYSINE MUTASE 

The experiments have been performed in multicavity dialysis cells (5 units, 6o/~1 volume each 
cell. To the half cells A were added: 2o ttl of activated enzyme (8/,M, 2. 3 mg/ml)) in standard 
"|'ris HC1 buffer containing o. 4 ,umole of KC1; to the half cells B were added: 2o/*1 of S-adenosyl- 
[Me-14Clmethionine (specific radioacivity 4" IO~ cpm//*mole) or 20 /~1 of S-adenosyl[carboxy-laC]- 
methionine (specific radioactivity 2.3" IO 8 cpm//*mole) at the indicated concentrations in standard 
Tris-HC1 buffer containing 0. 4 t, mole of KC1. The dialysis was performed at 37 °C in a rotatory 
shaker to prevent concentration gradient formation at membrane interface. At the indicated 
times aliquots of IO l,l were removed with a IO-lll  Hamilton syringe and radioactivity was 
assayed as indicated under Materials and Methods. 

S-ddenosylmethionine Radioactivity in half cell S-Adenosylmethionine 
concentration in A (cpm) concentration in 
half cell B at Dialysis time : half cell A after 
time o (l ,M) to rain 2 h ~2 h r2 h (/ ,M) 

£'-Adenosyl[A/e-14C] - 4 73 ° t 6o0 i 6io 2 
methionine I6 2 8oo 6 43 ° 6 425 8 

4 ° 7 2oo 16 16o r6 14o 20 
8o 14 200 32 ooo 32 12o 40 

S-Adenosyl[earboxy- 
14C]-methionine o.S 8 300 18 200 18 300 o. 4 

or by adding it only in one half  cell, the enzyme being in the other  (Table II). In both  
cases and with  various re la t ive  concentrat ions  of  S - a d e n o s y l [ M e - 1 4 C l m e t h i o n i n e  

(Table II) no difference in rad ioac t iv i ty  has been found between the two half  cells at 

equil ibrium. Also with S - adenos y l [ car boxy - 14C ] me th ion ine  no measurable  difference 
has been detected.  

Addi t ional  exper iments  in which " a c t i v a t e d "  lysine ruutase was prec ip i ta ted  

with  tr ichloroacetic  acid in the presence of S - a d e n o s y l I M e - 1 4 C ] m e t h i o n i n e  failed to 
show any measurable  binding between the sulfonium compound  and the enzyme:  
lysine mutase  (2.3 mg/ml ;  1.65 units/mg) was ac t iva ted  for I h at 30 °C according to 
the procedure of Chirpich and Barker  17 ; IOO ul  of  enzyme were then t ransferred to a 
i -ml  tube containing 5 o t~l of  15 uM S - a d e n o s y l [ M e - ~ C J m e t h i o n i n e  (7" IO~ cpm/ml)  in 
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"s tandard"  Tris-HCl buffer, pH 7.88. After 20 min incubation at 30 °C, 0.2 ml of 2°,/o 
trichloroacetic acid was added and the precipitated protein was collected over a milli- 
pore filter. The precipitate was washed with i %  trichloroacetic acid to remove excess 
of labeled compound and the filter was dried and counted for radioactivity. No mea- 
surable radioactivity was detected in two separate experiments. 

DISCUSSION 

S-Adenosylmethionine concentration in Clostridium SB 4 (0.57 #mole/g cells) is 
unusually high if compared to other microorganisms18, 24, with the exception of Candida 
utilis and Saccharomyces cerevisiae ~4. Much lower concentrations have also been found 
in animal tissues 15. Since an apparent  Km for S-adenosylmethionine of 2.8. IO 8 M has 
been calculated for lysine mutase ~, it appears that  the cellular amounts of the cofactor 
are highly saturating with respect to the enzyme. Therefore limited variations of 
cellular concentrations of sulfonium compound should not affect the reaction rate in 
vivo and an activation function more than a regulatory one can be at tr ibuted to the 
co factor. 

As far as the activation mechanism, a methylation of the enzyme by S-adenosyl- 
methionine could be postulated also considering the role of the sulfonium compound 
as the most important  biological methyl  donor 5. Furthermore, several protein methy- 
lases have been ch aracterizedi5, 26 and in some cases a relationship between the methyl- 
ation state of the protein and its function has been suggested 27,~8 The results of the 
binding experiments with S-adenosylIMe-a4Clmethionine seem to exclude the possi- 
bility of enzyme methylation. 

Lack of binding of S-adenosyl!carboxy-14C!methionine could suggest a splitting 
of the sulfonium compound and binding of the only adenosine moiety to the enzyme. 
The possibility that  S-adenosylmethionine could act as adenylylating agent has been 
postulated by Cantoni 14, but not yet been proved in the literature. 

The experiments with the sulfonium analogues show that  activation is unrelated 
to the configuration of the sulfonium pole of S-adenosylmethionine: in fact both 
(--)-S- and (±)-S-adenosylmethionine are equally effective (see Table I). Since it has 
been demonstrated that  in methyl  transfer reactions the only (--)-isomer is the active 
one ~, this finding also indirectly tends to exclude a methylation of lysine mutase. 
Finally lack of activity of 2-deamino, 6'-deamino and 2,6'-deamino derivatives, infers 
interactions of the two amino groups of S-adenosylmethionine with lysine mutase. 
The carboxyl group of methionine seems not to be involved as a binding site since the 
decarboxylated derivative exhibits a significant activity. 
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